INTRODUCTION
Dispersions of inorganic solids in non-aqueous media are frequently surprisingly stable [ 11. With this stability, three effects are of primary interest:
(i) The influence of the water content owing to the frequent contamination of non-aqueous media by water. In addition, any water present may be assumed to interact strongly with polar inorganic solids.
(ii) The effects of acid or alkali hydroxides due to the special role played by H' and OH-ions as potential determining ions for oxides in aqueous dispersions.
(iii) Specific solvent effects, which might influence the stability due to the particular solvent structure near an interface.
Effect (i) was studied by Romo [2] for dispersions of cu-Alz03 and Al(OH)3 in aliphatic alcohols. An increase of the water content was found to lead to decreasing stability for (Y-Alz03 dispersions, and to increasing stability for AI( dispersions. These effects were related to the influence of the water content on the zeta potential; increasing water content leads to a shift to more positive values which resulted in a charge reversal for cu-Alz03 (which is negative in pure alcohols). Similar data about the influence of water on the zeta potential have been reported for rutile by Griot [3] ex Merck "pro analysi", purified by flushing through a l-m column containing 500 g dried molsieve 3 A (Merck cat. number 5704). For every litre of alcohol, a fresh column was prepared by heating at 400°C under a flow of dried nitrogen for 24 h. The dried methanol was flushed dropwise through a column containing 100 g ZnO/O,; directly afterwards the methanol was used for the preparation of dispersions. The water content of the resulting methanol was 15 ~1 per 100 ml.
Ethanol: ex Merck "pro analysi", purified as described for methanol. Propanol: ex Riedel de Haen "pro analysi", purified as described for methanol.
Potassium hydroxide: ex Merck "pro analysi", dissolved in dried ethanol or methanol to a 0.001 M solution.
Hydrogen chloride: Merck "pro analysi" hydrochloric acid was diluted with dried alcohol to a 0.001 M solution.
Preparation of the dispersions
Straight from the ignition tube, 0.4 g ZnO/O, was added to 100 ml dried alcohol. From this dispersion, 3.2 ml was added to the alcohol (+ electrolyte or water). The total volume of the dispersion was then made up to 100.0 ml with dried alcohol. Preparation and storage of the dispersions was carried out in a glove box freed from moisture; storage did not lead to an increase in the water content for the longest storage period in the present investigation (1.5 weeks).
Methods

Determination
of the water content was performed by a Hewlett-Packard 5710 A gas chromatograph, using a 50 cm X l/8 inch column with Porapack Q 150--200 mesh. The sensitivity of the detector was 1 ~1 Hz0 per 100 ml alcohol.
The concentration of Zn" ions was determined by the differential pulse anodic stripping method [ 111. The alcoholic ZnO dispersion was centrifuged; 10 ml supernatant was transferred to a 50-ml calibrated flask, and the alcohol was evaporated under reduced pressure at 50°C. The residue was treated by addition of 50.0 ml 0.1 M solution (in the case of HCl/KCl solutions: 0.1 M in Cl-; in the case of KCl/KOH solutions: 0.1 M in K'), and ultrasonication for 30 min at 50°C. Zeta potentials were determined by electrophoresis in a Rank Brothers Mark II micro-electrophoresis apparatus, with a grease-free flat cell. The criteria for correct measurement of mobilities in non-aqueous media given by van der Minne and Hermanie [12] were obeyed. The zeta potentials were calculated from the mobilities by means of the Hiickel equation [ 131.
Coagulation rates were determined in a stirred cylindrical vessel using a stirring speed of 700 rpm [9, 14] .
RESULTS AND DISCUSSION
The influence of the water content Figure 1 shows the influence of increasing water content on the zeta potential.
For propanol, the same trend is observed as reported by Romo [2] for a-Al20 3: a shift of the negative zeta potential found in water-free propanol, in the positive direction leads to a charge reversal. Ethanol also shows a transition from a negative to a positive zeta potential with increasing water content, but in methanol no influence of water on the zeta potential is apparent, up to 350 ~1 H,O per 100 ml.
The data presented in Fig. 1 show considerable spread; this is considered to be due to the low values (in absolute sense) of the electrophoretic mobilities in the non-aqueous media, and to the spread in the particle size. In this respect comparison with the results of other investigators [2,6] is not possible since in the papers concerned only average values of zeta potentials are mentioned.
In the interpretation of these data, two alternatives can be ruled out: adsorption of water at the ZnO/alcohol interface, and a change of Zn2+ concentration in the medium caused by the presence of water. The former alternative is exluded, because analysis of the alcohols before and after passage of the second column (filled with ZnO/O*; see Experimental) showed that, during this passage, the water content of the alcohol did not decrease. This had already been observed with the first alcohol drops passing through the column. Thus, in spite of Morimoto and co-workers' finding [ 15,161 that water is adsorbed by ZnO preferentially to alcohols from the gas phase, under the conditions of our experiments no water adsorption took place. Neither does an increasing water content lead to increased Zn2+ concentrations: the latter remains of the order of 5~16~ mol 1-l throughout in methanol, and l-3 -10m5 mol 1-l in ethanol.
In contrast with the data reported by Micale et al. for rutile in heptanol [6], no effect of time was found up to 3 days. Statistical analysis by the method of paired comparisons [ 171 showed no significant difference on the 0.05 confidence limit between results obtained after 1 day and after 3 days.
A possible explanation of the data is that water is dissociated to a larger extent than the alcohols and that, consequently, an increased water content leads to increased H' and OH-concentrations, while H+ ions are preferentially adsorbed by the ZnO/O,. Since the degree of dissociation of the alcohols themselves decreases with increasing chain length [ 181, a larger effect in the higher alcohols is expected. Figure 2 presents the relation between the zeta potential and the rate of coagulation.
In this figure, the averaged curve for ZnO/O, in water [9, 10] is also drawn. No distinct difference between data pertaining to different alcohols can be detected, in spite of the differences in their viscosities (qprOpanol:Qm&han,,l (at 20°C) = 3.78); and it is very doubtful whether the difference between the coagulation rates in water and in the alcohols near c= 0, is significant, in view of the spread of the data. This spread is considered to be caused by both the uncertainty in the zeta potential and the difficulty of reproducing exactly the flow field in the apparatus concerned. Apparently, the viscosity influences the coagulation at a given average shear rate only to a minor extent (cf. the use of the parameter A/(36nq0a3y) in present-day theory on pair formation of spherical particles in a shear field [19] ; A = the Hamaker con&ant, v,, = the viscosity of the medium, a = the particle radius, y = the shear rate).
Figure 2 also shows that there is no clear influence of a specific medium structure near the interface on the coagulation rate. 
Influence of acidity
The zeta potentials are distinctly influenced by changes in acidity (Fig. 3) . At low concentrations of added HCl or KOH, the zeta potential follows the expected trend of shift to more positive values in increasingly acid (or decreasingly alkaline) media. However, at larger concentrations the potential curve is bent in the opposite direction.
This indicates adsorption of Cl-ions, which is stimulated by the presence of adsorbed H' ions, and adsorption of K' ions, which is stimulated by ad-sorbed OH-ions (or formation of ZnO-groups on the ZnO surface by dissociation of ZnOH groups). Both Cl-and K' ions are chemisorbed, but this chemisorption is enhanced by adsorbed H' and OH-ions, respectively: near a surface ZnOH; group, Cl-ions can be adsorbed in superequivalent amount. The zeta potential then decreases with increasing [HCl] , because it is associated with the average potential in the electrokinetic slipping plane (and associated with the net charge behind this plane), while the adsorption is determined by the local potential at adsorption sites. Similar remarks can be made about K' ions being adsorbed near ZnO-groups on the ZnO surface. For ZnO dispersed in aqueous solutions, analogous effects have only been found for anions [10, 20] . It appears from the data presented in this work that, in alcohols, stimulated adsorption of both cations and anions occurs.
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The coagulation rate, when plotted against the zeta potential, shows similar trends in the alcohols and water (Fig. 4) . Thus, again significant effects of both the viscosity and specific molecular configurations of the media near the interface are excluded.
Our conclusion is that the influences of increasing water content and acidity on the coagulation rate of ZnO in methanol, ethanol or propanol are consistent with a purely electrostatic repulsion.
SUMMARY
Addition of water effects a shift of the zeta potential of ZnO to more positive values in ethanol and propanol, but not in methanol. This is explained by preferential adsorption of H' from the higher alcohols.
Addition of HCl effects a shift of the zeta potential to more positive values, while addition of KOH results in a similar shift to more negative values. At larger concentrations of acid or alkali, the trends are reversed, indicating stimulated adsorption of counter-ions.
A plot of the coagulation rate versus the zeta potential in alcohols is similar to that observed in water.
